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ABSTRACT 
Micro-electro-mechanical systems (MEMS) type inertial 
measurement unit (IMU) is increasingly used in gait 
measurement applications. Practically, there is an urgent 
need for fast deployment of the device in field. Static 
calibration is needed to acquire zero-bias (ZB) and 
sensitivity (S) of all axis in an IMU. These parameters are 
essential in mathematically transforming electrical signals 
to kinematic outputs. Conventional static calibration 
method using a rotary table is time-consuming and costly. 
A faster static calibration method is studied and 
compared. This paper investigates two static calibration 
methods in terms of accuracy and required time. 
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1. Introduction 
To date, MEMS type IMUs are widely used in gait 
analysis measurement applications [ I ,  21, healthcare 
application [3] and inertial navigation applications [4]. 
The main reason for its use is that it is small and cheap 
while providing reasonable accuracy and reliability. IMU 
performance degrades due to environment changes [5], 
hence it needs frequent re-calibration before use in a new 
environment. 
Two main parameters are retrieved from the 
calibration, namely zero bias and sensitivity for each axis. 
Conventional static calibration was proposed in [6, 71 
using known test positions. Ferraris [5] formulated a 
triaxial accelerometer linear model with inter-axis error 
correction and proposed procedures to statically calibrate 
it using a reference block but did not compare the results 
with a conventional method. Lotters [8] proposed an in- 
use calibration procedure without any external reference 
device using an optimization technique to estimate the 
IMU parameters. Quasi-static positions determined by 
signal processing are used rather static positions. It is not 
a straight forward solution but rather searching and 
comparing iteratively through a huge solution vector 
space for minimum error. Other researchers [3, 4, 91 did 
proposed similar solutions using different estimators and 
procedures. Calibration using estimation incurs the need 
for powerful computation yet the accuracy might not be 
guaranteed if the procedure is not strictly followed. 
A simple method is studied, namely the 6-known 
positions method. It utilizes only simple tools, i.e. a spirit 
level, an adjustable platform and two well-machined 
cubes. The results are compared with a conventional 
calibration method using a rotary table. 
2. Sensor Package 
An IMU-5DOF in the form of a PCB breakout (SparkFun 
Inc.) as shown in Figure l a  was used. It consists of a tri- 
axial (X,Y,Z) accelerometer (ADXL335, Analog Device) 
and a dual axial (XR,YR) gyroscope (IDGSOO, InvenSense 
Inc.). It is light weight (-2g) and small size (2Ox23mm). 
The axes assignments follow the recommendation of 
ADXL335 datasheet. The direction of axes assignments 
follow the norm that the accelerometer axis points upward 
against the gravity and gyroscope turning direction is 
positive as labelled (Figure Ib). Accelerometer is 
ratiometric [lo], that means zero bias and sensitivity 
varies relative to the input voltage change. Nevertheless, 
gyroscope [l  11 is non-ratiometric. 
Zero bias is the offset voltage when the accelerometer 
axis is parallel to Og; the sensitivity is the scaling factor 
when the accelerometer axis is aligned between +lg  and 





first method implements an expensive rotary table and a 
level platform. The IMU outputs are read for a complete 
in fixed intervals. Three trials arc: needed to 
calibrate X-Y, Y-Z and Z-X planes. The second method 
orients the IMU in 6:known positions using two cubes on 
a level platform. Comparatively, most percentage 
differences in mean zero bias and mean sensitivity were 
below abs(.t0.2%)), suggesting that the 6-known positions 
method could produce satisfactory results as compared to 
the rotary table method. Moreover, static calibration using 
a rotary table is time-consuming (>30 minutes per 
planes); the rig is heavy and costly to build. Whereas the 
6-known position method is faster (< 5 minutes); the rig is 
lighter, portable and much less costly to build. In 
conclusion, the 6-known position method is a better 
choice for in-field IMU calibration. 
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